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Results of t e s t s  of a l/l6-scale model of the Douglas D-558-11 
reseasch  airplane which  were made in  the Langley 4- by 4-foot  supersonfc 
pressure  tunnel a t  Mach numbers of 1.61 and 2.01 have indicated  that  the 
complete model has  posit ive  directional  stabil i ty and posit ive  effective 
dihedral at both Mach numbers with no significant change in the  directional 

ences in trend between flight and tunnel  test   results  are  believed t o  be 
due to   t he   d i f f i cu l ty  experienced i n  measuring the  direct ional-s tabi l i ty  

n s t a b i l i t y  o r  effective dihedral w i t h  Mach number. The apparent differ- 

Ir. derivative CnB in  f l i g h t  during combined r o l X q  and yawing motions. 

A s  predicted by theory,  the rudder effectiveness was l e s s  at the 
higher Mach number. 

Addition of the w k g  to  the  body-vertical-tail  configuration reduced 
the  la teral   force and y a w i n g  moment of the t a i l  but  increased  the  incre- 
mental roUlng moment due t o  the tail .  

INTRODUCTION 

Tests have  been made in the Langley 4- by'&-foot  supersonic pressure 
tunnel  to determine  the aerodynamic chazacteristics of a 1/16-sc~tle model 
of the D o u g l a s   D - 5 5 8 - U :  research  airplane. These tunnel   tes ts  supplement 
the   f l igh t  tests o f  the D-558-11 which are  being conducted a t   t h e  NACA 
High-speed Fl ight  Research Station. The flight tests have indicated that 

decreases  rapidly as the Mach nmiber increases. The purpose of  the wind- 
tunnel tests was to determine the   s t a t i c   l a t e ra l   s t ab i l i t y   chmac te r i s t i c s  

I the   direct ional   s tabi l i ty  of the D-558-11  is l o w  a t  supersonic  speeds and 

- 



of the  complete  model  at  Mach  numbers  of 1.61 and 2.01 and  the  contribu- 
tions  to  the static-lateral-stabtlity derivatives of the  components  of 
the  model. 

" 

Results  of l o w  subsonic  Mach  number  .tunnel  tests  of a 0.25-scale 
model  are  given in reference 1, while  the  longitudinal  stability and 
control  characteristics  of  the  present  model  at  high  subsonic and l o w  
supersonic  speeds  are  given in reference 2. The  sixtic  longitudinal 
stability and control  characteristics at Mach  numbers  of '1.61 and 2.01 
are  presented in reference 3.  Calculations  of  the  dynamic  lateral  sta- 
bility  characteristics of the  full-scale  airplane  are  preqented  in  ref- 
erences 4 and 5 up.to  high  subsonic  and  supersonic  Mach  numbers,  respec- 
tively.  Flight-test  results  showing  the  'lateral  stability  and  control 
characteristics  of  the  airplane  through  the  Mach  number  range of 0.27 
to 1.87 are  given in references 6 to U. 

The  present  paper gives the aerodynami-cr  characteristics  in  sideslip 
at  angles  of  attack  of 00 and 4' for  the  complete  l/l6-scale  model  and 
for  combination6  of  its  components  at  Mach  numbers  of 1.61. and 2.01. 
At  these  Mach  numbers,  the  Reynolds  numbers  (based on the  mean  aerodynamic 
chord)  were 1.90 x lo6 and 1.52 x 10 6 , respectively.  Analysis of the 
results  obtained was limited  to  comparisons of the  experimental  results 
with  calculations  for  the  complete  airplane  of  reference 5.and estimates 
of the  body-alone  characteristics u s i n g  the  method of reference 12. 

coEFF1cmm AND SYMBOLS 

The  results  of  the  tests are presented  in  terms  of  standard  NACA 
coefficients  of  forces  and  moments  which  are  referred  to  the  stability- 
axes system (fig. 1) . The  coefficients and symbol6 used  are  defined as 
follows : 

k 

6 

CX longitudinal-fame coefficient, X/qS 
. .  

" 

C l  rolling-moment  coefficient,  L/qSb - 

cm  pitching-Moment  coefficient, M'/qSE 

Cn . .. yawing-moment  coefficient , N/qSb 
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X force d o n g  X - a x i s  

Y 

Z 
. force along Y - a x i s  

force along Z-axis 

L moment about X - a x i s  

M' moment about Y-axis 

N moment about Z-axis 

9 free-stream dynamic pressure 

S t o t a l  w i n g  area including body intercept 

b wing span 

" M Mach  number 

P 
c 

pr 
a 

angular velocity about X - a x i s  

roll angle, /p d t  

angle of attack of body center line, deg 

P angle  of  sideslip, deg 

rudder  deflection, deg 

it s tab i l izer  deflection, deg 

E e  elevator  deflection, deg 

. 
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( f=y)t increment of lateral-force  coefficient due to  addition of 
ve r t i ca l  t a i l  

increment of y-awing-moment coefficient due to  .addition of 
ver t ica l  t a i l  

(x+ increment of rolling-moment- coefficient due to  addition of 
ver t ica l  t a i l  

A three-view drawing of the model i s  shown i n  figure 2 and the 
de ta i l s  of the wing fences are sham i n  figure 3.  The ver t ica l  tail of 
the model i s  the same as that originally used on the  airplane  (refs. 1 
t o  4 ) .  However, a slightly extended ta i l  and s l igh t ly  smaller rudder 
are now employed on the airplane  (refs.  5 t o  ll) . In addition,  the after- 
portion of the  fuselage of the model was enlarged t o  accominodate the bal- 
ance. These alterations  are shown in   f igure 4. A photogrgph of the model 9 

i n  the  tunnel i s  shown in figure 5 .  The geometric characterist ics of the 
model are presented in table I. Coordinates for   the body are given in 
table I1 and for   the wing fences in table 111. b 

The model had a wing without  ailerons, with 35O of sweep of the 
0.30-chord line of the unswept panel, aspect  ratio 3.57, taper ra t io  O.$?, 
and IVACA 63-010 airfoil sections normal to   the O.3O-chord l i ne .  The wing 
was at 3 O  incidence t o  the fuselage  center line and had 3 O  ;of negative 
dihedral. 

" 

The horizontal tail,  the elevators, and the rudder were movable, 
and the  deflections of these surfaces were set manually. The wing, ver t i -  
ca l  ta i l ,  and horizontal t a i l  of the model  were  removable so  tha t  t e s t s  
of combinations of components could  be d e .  Force and moment measure- 
ments were made with a six-component internal  strain-gage  balance. No 
hinge-moment data were taken on any of the  control  surfaces. 

The model was mounted  on a 4O bent sting. By using  the  bent sting, 
it wa8 poss ib le   to   t es t  -through the  angle-of-attack range at sideslip 
angleB of Oo and 4' and through the  sideslip  angle range at angles of 
attack of 00 and bo. 

The tests were conducted in  the Langley 4- by &-foot  supersonic 
pressure tunnel which i s  described in  reference 13. 



NACA RM L53129a 5 

Test Conditions 

The conditions for the tests were: 

Mach  number . . . . . . . . . . . . . . . . . . . . .  1.61 2.01 
Reynolds number, based on the wing M .A .C . . . .  1 .gO x lo6 1.52 x lo6 
Stagnation dewpoint, OF . . . . . . . . . . . . . . .  -20 -25 
Stagnation  pressure,  lb/sq in. . . . . . . . . . . . .  15 14 
Stagnation  temperature, OF . . . . . . . . . . . . .  110 U O  

" 

'Be  magnitudes of the  vmiations i n  the  test-section flow parameters 
for  the two test Mach numbers were: 

Mach  number variation . . . . . . . . . . . . . . . . .  kO.01 *0.013 
Flow angle i n  the horizontal o r  vertical - 

plane, deg . . . . . . . . . . . . . . . . . . . . . .  f O . l  * O . l  

CORRECTIONS AMD ACCURACY 
.. 

The angles of attack and sidesl ip  were corrected  for  the  deflection 
d of the  balance and s t ing  under load. No corrections were applied  to  the 

data f o r  the  f low  variations  in  the  test   section. 

The estimated  errors Fn the data are: 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. ko.003 

. fo.001 

. f0.001 
fo m 0 6  
m .0003 
m .0003 

. . k O . 1  . . fO.l . . fO.1 

. . -10.1 
The base  pressure was measured and the  longitudinal-force data were 

I corrected  to a base  pressure  equal to  free-stream stat ic   pressure.  

c 

I, 
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The  experimental  variations  with  sideslip -le of  Cnr  C2, and 
CY  are  presented in figure 6 for €4 = 1.61 and  figure 7.for M = 2.01. 
Also shown in figures 6 and 7 are  the  theoretical  estimates  of  these 
coefficients  for  the  complete  model  (ref. 5 )  and  calculated  values of 
the  body-alone  lateral-force and yawing-moment  coefficfents  (ref. 12). 

A l l  wing-on  configurations  tested  had  the  wing  fences  installed 
with  the  exception-of  the  complete  model  at M = 2.01 and a = Oo. The 
negligible  effect of the wing fences  is  indicated  in  figure 8. 

Values  of  the  stability  derivatives  Cyp, C z B ,  and C measured np 
from  the  results  showin in figures 6 and 7 are  presented in table IV. 

The results shown in figures 6 and 7 indicate, as could  be  expected, 
that  the  largest  contribution  to CY comes f r o m  the  vertical  tail,  with 
small changes  due  to  addition of the w i n g  or  deflection of- the  rudder. 
Theoretical  estimates  agree  well  with  the  experimental  results  for  the 
complete  model  but  are  somewhat low f o r  the  body  alone.  There was little 
change in C for  the  complet-e  airplane  at  the  two  test  Mach  numbers YB 
(table IV) . 

c 

b 
At  zero angle of  attack C z  is  almost  entirely  due  to  the  vertical 

tail.  At cc = bo the  wing  has a substantial  contribution,  which  was 
expected.  Theoretical  estimates  are  somewhat low. The  effective  dihedral 

of the  complete  airplane wa8 but  slightly  changed  between  the two czP 
test  Mach  numbers  (table IV) . 

At  zero  angle of attack  the  stabilizing  portion of Cn is almost 
entirely  due  to  the  vertical  tail. At a = 4' the s m a l l  stabilizing 
wing  contribution  increased  slightly,  as was expected.  Theoretical  esti- 
mates  of  the  unstable  body moment agree  well  with  the  experimental  results, 
but  the  estimates of the  tail  contribution.seem  to  be  somewhat  high. The 
change in Cnp for the complete  airplane was small between  the  test  Mach 
numbers  (table IV) . At a = Oo the  variation of C, with p is linear 
at M = 2.01 but  not  at M = 1.61 (figs. 6 and 7). AB a result, the 
measured  values  of C for a small f3 range  at M = 1.61 inadequately 

desckibe  the  variation of  Cn  with B .  
np 

The longitudinal  forces and moments  corresponding  to  the  lateral 
forces and moments of figures 6 and 7 are presented in figures 9 and 10. 
There  are no significant  changes  in.3he  coefficients  with  sideslip  angle 
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apparent from figures 9 and 10, with  the  possible  exception of the 
pitching-mment  coefficient. For the complete model ne= the trim con- 
dit ion,  however, the pitching-moment coefficient remains essent ia l ly  con- 
s t an t   a t   s ides l ip  angles less than  about 60. 

A comparison of the  theoretical ,  flight, and  wind-tunnel  values of 
the static-directional-stabil i ty  derivative is  given in figure ILL. 
It is shown in  the figure that  the  experimental body-alone CnB is  essen- 

tially constant  with Mach  number and is close t o  the  theoretical  value. 
The addition of the wing has a small stabi l iz ing  effect  which gives  the 
wing-body combination a constant  contribution. In  the  case of the corn- 
plete  configuration, however, there  are  significant  differences i n  the 
theoret ical ,   f l ight ,  and wind-tunnel  values. Theory indicates a large 
contribution of t h e   v e r t i c a l   t a i l  which decreases somewhat with increasjag 
Mach number. The wind-tunnel results  indicate a slightly  smaller con- 
t r ibut ion which is essentially  constant.  Flight  results, on the  other 
hand, indicate a large  tail  contribution  vhich  decreases  very  rapidly 
with Mach number. The values of Cnp for  Mach numbers greater  than 1.7 
reported from an analysis of f l ight- tes t   resul ts  are somewhat lower than 
the wind-tunnel  values. As explained in  reference ll, however, there is  
some doubt as t o  the   re l iab i l i ty  of the one-dimensional analysis of the 
fl ight-test   data because of the Urge   ro l l ing  motion which occurred during 
the high-speed f l i gh t s .  For detai led  ascussion of t he   f l i gh t  resclts, 
reference ll should be consulted.  Since  the  vertical tail of the   t e s t  
model was smaller than  that on a 1/16-~cale model of the  a i rplane  ( f ig  .4), 
the  values of Cn for   the complete model from the  tunnel tests are con- 
servative. Tunne!? tes t s   a t   o ther  Mach numbers are needed t o  es tabl ish 
the   r ea l  trend of C, with Mach nuuiber. 

CnB 

P 

The variation of Cy, Cn, and C2 with CL f o r  s ides l ip  angles 
of 0' and -4' shown in  figure 12 was used t o  determine the  variation of  
Cyg, Cnp, and Cz with C, presented Fn figure 13. Values of Cya, 

Cnp and C l  from table IV are shown f o r  comparison. These slopes are 
not i n  exact agreement with  those  obtained from figure 12 because  of the 
nonlinear  variation of Cy, Cn, and C2 with j3. The values of C 

Cnp, and C z p  shown i n  figure 13 should, however, indicate  the  probable 

variation through the lift range of the present  investigation. 

B 
P 

Ya' 

The directional  control  characterist ics are presented  in  figure 14 
a for CL = Oo and bo for  Mach nutibers of 1.61 and 2.01. The theoret ical  

variation of C, with 6, obtained by the method of reference 14 i s  

e a lso  shown. Although the  calculated  values of Cngr =e somewhat higher 



thm the  experimental  values,  the  predicted  decrease in C a t   t h e  

higher Mach  nmuber i s  lndicated by the experimental results. The effect  
of  angle of attack on Cn8r appears t o  be negligible. There is a slight 

increase i n  the value  of p~ with increasing a at M = 1.61, but at 

M = 2.01 the value of psr is greater at a = because of the decrease 
i n  Cn a t  this angle of attack. A t  both  angles of attack the values 

of  C are smaller a t  M = 2.01 than at M = 1.61. 

%r c 

Y 

r 

B 
nP 

The effect  of the wing on the ver t ical- ta i l   contr ibut ion  to  the 
la te ra l   charac te r i s t ics  is shown in  figure 15. Vertical-tail  increments 
( E Y ) t ,  ( x Z ) t r  and (En)+,  were obtained from the data presented in 
figures 6 and 7 by measuring the differencee between the  ta i l -on and tail- 
off  results  for  configurations with and without the wing. Addition of 
the wing reduced the values  of and increased slightly 
the  values of ( E z ) t .  

CONCLUDING REMARKS 

Results of tests of a 1/16-scale model of the Douglas D-558-11 
research  airplane in the Langley 4- by  &-foot  supersonic  pressure  tunnel 
a t  Mach numbers of  1.61 and 2.01 indicate . that   the  complete model has 
posi t ive  direct ional   s tabi l i ty  and posit ive  effective  dihedral  at both 
Mach numbers. The apparent  dffferences in   t rend  between flight- and tunnel- 
t e s t   r e su l t s  are believed ta be due t o  the d i f f icu l ty  experienced i n  me=- 
wing the  directional-stability  derivative Cnnp in flight during com- 

bined ro l l ing  and yawing motions. 

The stabilizing  forces and moments are contributed  almost  entirely 
by  the t a i l ,  but a s m a l l  reduction in the  stabilizing  side  force and 
pwing moment is due to  the  addition of the wing. Addition  of  the wing 
increases  ' the  contribution  to  the  rolling moment contributed by the ver- 
t i c a l  ta i l .  



2x 

. 
W 

Rudder effectiveness was less at the higher Mach nmiber 88 indicated 
by linear  theory. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., September 11, 1953. 
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TABLE I 

DlMENSIONS OF TBE 1/16-scm MODEL .OF THE 

w i n g  : 
Root a i r fo i l   sec t ion  (normal t o  0.30 chord 

of unswept panel) . . . . . . . . . . . . . . . . . . .  MACA 63-010 
Tip a i r fo i l   sec t ion  (normal t o  0.30 chord 

of unswept panel) . . . . . . . . . . . . . . . . . . .  NACA 63-010 
Total  area  (Fncluding  fuselage  intercept) sq f t  . . . . . . . .  0.684 
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  18.72 
Mean aerodynamic chord. i n  . . . . . . . . . . . . . . . . . .  5.46 
Root chord (parallel   to  plane of symetry). tn . . . . . . . .  6.78 
Tip  chord (parallel   to  plane of symmetry). in  . . . . . . . .  3.03 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.565 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  3.57 
Sweep of O.3O-chord l ine  of unswept panel. deg . . . . . . . .  35 
Incidence of fuselage  center line. de@; . . . . . . . . . . . .  3 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . .  -3 
Geometric twist. deg . . . . . . . . . . . . . . . . . . . . . .  0 

Horizontal t a i l  : 
Root a i r fo i l   sec t ion  (normal t o  0.30 chord of 

unswept panel) . . . . . . . . . . . . . . . . . . . .  MACA 63-010 
Tip airfoi l   sect ion (normal t o  0.30 chord of 

unswept panel) . . . . . . . . . . . . . . . . . . . .  NACA 63-010 
Area (including  fuselage  intercept). sq ft . . . . . . . . . .  0.156 

Mean aerodynamic chord. i n  . . . . . . . . . . . . . . . . . .  2.61 
Root chord (para l le l  to plane of symmetry). in . . . . . . . .  3.35 
Tip chord (para l le l  t o  plane of  symmetry). in . . . . . . . . .  1.68 
Taper r a t io  . . . . . . . . . . . . . . . . . . . . . . . . .  0.50 
Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . . . .  3.59 
Sweep of 0.30-chord l i ne  of unewept panel. deg . . . . . . . .  40 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . .  0 
Elevator  area. sq f t  . . . . . . . . . . . . . . . . . . . . .  0. 0% 

span. in . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.98 

Vertical  t a i l  : 
A i r f o i l  section  (parallel  to  fuselage  center line) . . .  NACA 63-010 
Area (leading edge  and t r a i l i ng  edge extended t o  

fuselage center  line). sq f t  . . . . . . . . . . . . . . . .  0.215 
span (from fuselage  center  line).  in . . . . . . . . . . . . .  5.25 
Root chord (pasal le l  t o  fuselage  center  line).  in . . . . . . .  9.14 
Tip  chord (para l le l  to fuselage  center *e). i n  . . . . . . .  2.75 
Sweep of 0.30-chord l ine of unswept panel. deg . . . . . . . .  49 
Rudder area. sq f t  . . . . . . . . . . . . . . . . . . . . . .  0 . 030 
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TABIE I.- Concluded. 

DIMENSIONS OF TEE 1/16-scm MODEL OF 

DOWELAS D-558-11 RESEARCH 

Fuselage : 
Length, in. . . . . . . . . . . . . . . . . . . . . . . . . . .  31.50 
Maximum diameter, In. . . . . . . . . . . . . . . . . . . . . .  3.75 
FFneness r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  8.40 
Base diameter, in. . . . . . . . . . . . . . . . . . . . . . .  1.56 

e 

e 



14 NACA RE4 L53-a 

TABLE I1 

COORDINATES OF TBE BODY 

E is distance  along model center  line 
from the  nose of the model; r is 
the radius; all dimensions in inches 

I x  
0 
1 .ooo 
2 .ooo 
3 .ooo 
4 .ooo 
5 .ooo 
6 .ooo 
7 .mo 
8 .om 
9 
10 .Ooo 
ll .Ooo 
16 .250 
17 .mo 
18 .ooo 
19 .om 
20.000 
21.000 
22 .om 
23 .ooo 
24 .OOO 
24 297 
31 .m 

f 

" 

L 

- 

r 

0 
.382 
-719 

1.010 
1.256 
1.457 
1.614 
1.729 
1.806 
1.851 
1 .e1 
1.875 
1 875 
1.872 
1.858 
1.833 
1.794 
1 743 
1.679 
1.602 
1 513 
1.483 

,780 

. 

. 
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TABm I11 

COORDINAW O F  WING FEJ!KZS AND AIRFOIL SECTION IN BB 

PLANE OF TBE FENCES 

E is  distance from the  leading edge along center line 
of a i r f o i l  section; y is distance  perpendicular t o  
center line (see f i g .  3); a n  aimensions in Fn C :hes 3 

Airfoil   section Fence 

X I Y X I Y 

I O-334 
-955 

1.672 
2 259 
3 -073 
4 155 
5 *59 

0.128 
""_ 

i 



bay -- 0 
B 0 d y - m  -- 0 
Body-vertical-tail 0 0 

0 
Complete  model 

-4.0 0 

4 
Complete mdel  -2.2 4 

-4.0 4 

T 
CnP 

-0.0041 - .00$ 
.0022 
.0016 
.0016 
.0016 

- .oow 
-0020 

.0018 -""" "-"" 

M = 1.1 
C 
I$ 

0 
.OOO1 

- .0015 
- .0013 - .0012 -.oOx! 
- .0003 - .0010 
-.mu. 
""" 

""" 

-0.0016 -o .a343 -.0040 -.OO$ 

-.ox& ,0020 
-.ox23 . m g  
-.0130 .m1g 

-.cow -.a131 
-.om .mu 

-.ox28 .a115 -""" ,0015 """- ,0015 

-.0137 .a116 

I 

[ = 2.01 

I 'ys 
0 -0 .00$ 
0 - .0047 
-.mu -.Ox!? 

- .oO14 - -0125 - .W14 - .OU? - .m15 - .0132 
-.0004 -.0055 - -0010 - -0115 
- .Wl3 - -0133 - .OOl3 - .0135 - .a113 - -0137 

1 



Z 

Figure 1.- System of stability axes. Arrm indicate positive wlues. 
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Section B- B 
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Areomtios: - Model 
Rudder =0.806 
krtiwlfaii=I.136 

I 
Figure 4.- Vertical-tail  configuration8 of model and airplane. V e r t i c a l -  

tail area ratio basea on ex-posed'axea. ' '  
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Figure 5 . -  Installation of model in t e a t  section. 
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Angle of sideslip,/?, deg 

Figure 6 . -  CmtFnuna. 
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Angle of deg 

Figure 6.- Concluded. 
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Figure 7.- Variation of lateral-farce, rolling-moment, and yawing-moment 
coefficients xith aldeaUp angle for the vazious configurations. M = 2.01. 
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Figure 7.- Continued. 
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Figure 8.- Effect of the addition 4f wing fences on the aerodynamic 
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CX 

0 
0 . Complete  model, &= 0" 
0 CompIete  model, br= -2.2" 
0 Complete modeb Gr= -4.0° 
A Body-vertical-tail, h = O o  
h Body-wing 
[3 Body 

Angle of sideslip,p, deg 

(a) a = oO; it = oO. 

Figure 9.- Variation  of longitudiml-force, pitching-moment, and l i f t  
coefficients with sideslip  angle for the  various  configurations. 
M = 1.61. 
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0 Complete  model, 6,- =-2.2O 

-.O 8 0 Complete model, br =-4.0° 
A Body-vertical-tai I, br = 0" 
b Bod -win "2 

CX 

0 

.4 

.2 

C L  

0 
-4 0 4 8 12 16 20 

Angle of sideslip,,&, deg 

(b) a = 4'; it = -6O. 

Figure 9.- Concluded. 
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0 Complete  model, dr=Oo 
13 Complete  model, Sr= "2.2" 
0 Complete  model, dr =-4.0" 
A Body-~ertical-tail,6~= 0" 
h Body-wing 
Q Body 

"2 

CX 

0 

.2 

C L  O 

-.2 
-8 -4 0 4 8 12 16 20 

Figure 10.- Var 

Angle of sideslip@, deg 

(a) OL = oO; it = 20. 

i a t ion  of longitudinal-force, pitching-moment. an d 
coefficients w i t h  sideslip angle fur the various configur&tions. 
M = 2.01. 

l i f t  
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Figure 10.- Concluded. 
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Figure 11.- Variation with Mach nuniber of the static-directional-stability 
derivative derived from theory, flight tests, and wind-tunnel tests. 
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M = 1.61 . .  M a  2.01 

(a) ~ a t e r d  characteristics. 

Figure 12.- Variation with lift  coefficient of t h e  lateral  characteristics 
and the angle ~f attack. Complete model; 8, = Oo. 
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M = 1.61 

cL 
M = 2.01 

(b) Angle of attack. 

Figure 12.- Concluded. 
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Figure 13 .- Variation of 
(b) M = 2.01. 

sideslip derivatives with lift coefficient. 
Complete madel; 8, = 0'. 
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(a) M = 1.61. 

- ’} Expermental 
” 4 

8r 

(b) M n 2.01. 

Figure 14.- Variation of sideslip angle and yawing-moment coefficient with 
rudder angle. Complete model, 



38 NACA RM L53129a 

(a) M = 1.61. 

Figure 15.- Effect of the wing on the incremental  1ateral.coefficients 
produced by t h e   v e r t i c d  tail. a = 0'. 

. 
. .. 
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.I 

0 

-.I 

(b) M = 2.01. 

Figure 15.- Concluded. 
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